Understanding localised corrosion phenomena by using the synergies of thermodynamics and diffusion by Auinger, Michael
  
Understanding localised corrosion phenomena 
by using the synergies of thermodynamics and diffusion
Michael Auinger
July, 3rd 2014










● Decarbursation of Pearlite
● High Temperature Corrosion




































~1600 Japan: Mokume-Gane (木目金 )
Combination of two (or more) metals by “diffusion welding”




(Recent) History of Diffusion
1855 Adolf Fick 
first empirical formulas








first observations and hypotheses
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Program Output (Fe-Mn-Cr alloy)
Figure: Spatial phase distribution in Fe, 2 wt-% Mn, 0.8 wt-% Cr after oxidation at 
p(O2)= 3·10-22 bar and 700°C for 120min (left) and ternary phase diagram (right).




Figure: Numerical simulation of „uphill-diffusion“ (left) and 3D atom probe tompgraphy 
of segregated boron atoms in a NiAl grain boundary (right).






Thermodynamics in real life
Reinphase


















Oxide and Nitride Formation
J.H. Bott et.al., submitted
Figure: Calculated corrosion depth in Fe, 1wt-%Al, oxidised with N
2
 / 2.5vol-% H2 / 
0.1vol.% H2O (left) and SEM-picture of the cross section after 300min (right).
  
InnovMath, Pichl bei Wels (Austria)
Oxide and Nitride Formation
J.H. Bott et.al., submitted
Figure: Calculated corrosion depth in Fe, 1wt-%Al, oxidised with N
2
 / 2.5vol-% H2 / 
1.08vol.% H2O (left) and SEM-picture of the cross section after 300min (right).
  
InnovMath, Pichl bei Wels (Austria)
Wagner's-Criterion for Internal Oxidation
Figure: SEM-pictures of cross sectioned Fe-Al alloys after exposure to 
temperatures ≤ 1285 °C in N
2
 / 2.5 vol-% H2 / 1.08vol.% H2O (DP +8°C) atmosphere.
internal oxidation external oxidation
Fe, 1wt-% Al Fe-3Al Fe-5Al Fe-8Al




Figure: Angled cross section (7°) of Fe, 0.8 wt-% C after heat treatment at 800°C in 
Ar / 2.5 vol-% H2 / 1.5 vol-% H2O and etching with 1% Nital for 15s.
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Figure: Spatial phase distribution in an Fe, 1 wt-% Cr, 0.1 wt-% C alloy after gas 
nitriding at KN= 2.4 and 500 °C for 48 h and phase stability diagram.
HTM J. Heat Treatm. Mat. 66 (2011) 100-102.
  
InnovMath, Pichl bei Wels (Austria)
Nitriding of AISI H11 (5%Cr, 0.35%C)




Figure: Ilustration of hydrogen transport in crystalline materials. Effects of surface 
(1), diffusion (2), solubility (3) and trapping (4).













Hi + □j  □i + Hj
































































































Desorption at Constant Heating Rate




Figure: Effective diffusion coefficient in an idealized Fe-C alloy. Hydrogen traps are 




Figure: Effective diffusion coefficient in an idealized Fe-C alloy. Hydrogen traps are 
calculated as H1 = -58.6 kJ (0.05 molH m-3), H2 = -84 kJ (0.05 molH m-3)
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Electrochemistry and Surface pH-values

























































PCCP (2011) 13 16384




























































solid lines:      1mM acetate
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